The type strain of Listeria monocytogenes differs from wild-type L. monocytogenes strains in more characteristics than just the previously reported deficiency in hemolytic activity and virulence in the murine infection model. The type strain from the American Type Culture Collection (strain ATCC 15313) produces lecithinase, is hemolytic on rabbit (but not sheep) blood agar, lacks motility, and shows limited cytopathogenic effects on Caco-2 monolayers, whereas the type strain from the Special Listeria Culture Collection (strain SLCC 53) is unable to produce lecithinase, is nonhemolytic on rabbit or sheep blood agar, is motile, and shows no cytopathogenic effects on Caco-2 monolayers.
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The designation of types and type strains are important components of bacterial nomenclature as regulated by the International Code of Nomenclature of Bacteria (10) . However, properties of type strains are often unstable and sensitive to the various methods of culture preservation. This is a source of special concern in cases in which a long time elapses between the original isolation of a strain and its deposition as a type strain in culture collections. Listeria rnonocytogenes clearly illustrates some of the problems associated with cultured type strains.
For several years, microbiologists working with the genus Listeria have realized that the type strain of L . monocytogenes, strain 53 XXIII of Murray (= American Type Culture Collection strain ATCC 15313 = Special Listeria Culture Collection strain SLCC 53 = National Collection of Type Cultures strain NCTC 10357), is not typical of the species. This strain has an atypical antigenic structure (7) . In addition, phenotypic characteristics that should distinguish L. monocytogenes from Listeria innocua are not expressed by the type strain. Specifically, the type strain does not produce beta-hemolytic zones on sheep blood agar (SBA) and is nonpathogenic in mice (14) (15) (16) .
The lack of expression of either hemolytic activity or virulence by the type strain prompted Jones and Seeliger (7) to propose that another strain, strain NCTC 7973, should be given type strain status. This strain, which was originally designated strain 58 XXIII, was isolated in 1924 by the late E. G. D. Murray from a guinea pig during an epidemic of listeriosis in a laboratory animal colony at Cambridge, England (12) . The proposal of Jones and Seeliger was based on the fact that 58 XXIII has retained hemolytic activity and mouse pathogenicity (5, 7). However, this proposal was rejected by the Judicial Commission (6), and the type strain is still strain ATCC 15313. This strain was isolated by E. G. D. Murray from a rabbit infected during the same outbreak and was designated strain 53 XXIIIT (T = type strain) by him. The hemolytic properties of 53 XXIIIT were not described in the original report on this outbreak (12) . However, the fact that hemolysin is a major virulence factor for L . monocytogenes (3, 8) suggests that 53 XXIIIT was originally hemolytic. This strain was first reported to be nonhemolytic and avirulent by Barber in 1939 (1); unfortu-* Corresponding author.
nately, the original, presumably hemolytic strain from which ATCC 15313T was derived is not available.
We have found additional characteristics that differentiate type strain ATCC 15313 from wild-type strains of L . monocytogenes (virulent and hemolytic on SBA). Below we also draw attention to important differences between the type strains from two different collections, the American Type Culture Collection (strain ATCC 15313) and the Special Listeria Culture Collection (strain SLCC 53). The digerences between strains ATCC 15313T and SLCC 53T became evident to us during our investigations on the molecular basis of pathogenicity of L . monocytogenes, in which spontaneously derived nonhemolytic L. monocytogenes strains were compared in terms of phenotype and behavior in cell culture models with nonhemolytic mutants generated by Tn916 mutagenesis (8) . Table 1 summarizes the phenotypic features of ATCC 15313T and SLCC 53T. Also included are the relevant characteristics of L . monocytogenes 53 XXIIIT, which was lyophilized in 1963 by E. G. D. Murray and was kindly provided to us by R. G. E. Murray (University of Western Ontario). Presumably, such a vial was the source of NCTC 10357T, since NCTC 10357T was deposited in 1964. All three strains are nonhemolytic on SBA; ATCC 15313T and SLCC 53T do not produce the 58-kilodalton hemolysin (listeriolysin) and are deficient in virulence in the murine model of infection ( 5 , 7). ATCC 15313T and 53 XXIIIT cause strong lysis on rabbit blood agar, whereas SLCC 53T is nonhemolytic on rabbit blood agar. Furthermore, ATCC 15313T and 53 XXIII strongly induce opacity on egg yolk agar, indicating the production of lecithinase, whereas SLCC 53T is negative for this characteristic. ATCC 15313T, but not SLCC 53T, produces an extracellular protein with an apparent molecular weight of 32,000 which has lecithinase activity. ATCC 15313T and 53 XXIIIT are nonmotile at 22°C (both in liquid cultures and in soft agar), whereas SLCC 53T is fully motile under these growth conditions. Finally, when ATCC 15313T is added to Caco-2 monolayers at a multiplicity of infection greater than lo3, limited cytopathogenic effects are produced in which clusters of one to three cells are killed, as revealed by trypan blue staining; these cytopathogenic effects are not produced by SLCC 53T. The comparative phenotypic characteristics of 53 XXIIIT and ATCC 15313T appear to have been maintained from the time of their original preparation and subsequent maintenance. The characteristics of the type strains are at variance with those of wild-type L . monocyto- Determined by the production of zones of hemolysis on Trypticase soy agar supplemented with 5% rabbit blood (BBL). Inoculated plates were incubated for
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genes strains, which are hemolytic on SBA and rabbit blood agar, induce opacity in egg yolk agar, are motile (3, 16) , and produce extending and severe cytopathogenic effects on Caco-2 monolayers (9).
Recently, Pine et al. (13) noted that National Collection of Type Cultures strain NCTC 7973, which was derived from 58 XXIII, contains both hemolytic, virulent and nonhemolytic, avirulent Listeria cells which are identical in terms of their physiological characteristics, serotype (1/2a), phage type, and electrophoretic type; these variants were deposited in the American Type Culture Collection. The nonhemolytic variant of NCTC 7973 (= ATCC 43248) is phenotypically identical to SLCC 53T.
Leimeister-Wachter et al. (11) reported the existence of a small deletion upstream from the gene encoding the 58-kilodalton hemolysin in SLCC 53T, as well as in ATCC 43248. These authors concluded that these two strains may have had a common source, erroneously assuming that SLCC 53T is a nonhemolytic variant of NCTC 7973 (11) . However, the history of the strains that gave rise to SLCC 53T and to ATCC 43248 argues against such a common source, since the parental strains, Murray strains 53 XXIIIT and 58 XXIII, were isolated several months apart from a rabbit and guinea pig, respectively (12) . It appears that 53 XXIIIT and 58 XXIII independently gave rise to nonhemolytic variants. The spontaneous generation of nonhemolytic variants by hemolytic L . monocytogenes has been documented previously (2, 4, 17) .
The differences between strains ATCC 15313T and SLCC 53T that we describe in this report raise several questions. Does the presence of lecithinase activity in ATCC 15313T indicate that this nonhemolytic strain is genetically a stepping stone between the original isolate (Murray strain 53 XXIIIT) and nonhemolytic, lecithinase-negative strain SLCC 53T? Was the loss of motility in ATCC 15313T the result of an independent mutation, or did it result from the same genetic lesion which inactivated the 58-kilodalton hemoly sin? We are pursuing these questions genetically.
The complex phenotypic defects of the type strains from culture collections discussed above highlight the differences between these strains and wild-type L . monocytogenes strains (as well as their differences from each other). Our findings emphasize the fact that although both strain ATCC 15313T and strain SLCC 53T are nonhemolytic on SBA, they are also deficient in additional, albeit different, characteristics (ATCC 15313T is deficient in motility, and SLCC 53T is deficient in lecithinase activity). The strains may have other virulence-related defects as well. Thus, caution should be exercised not to treat ATCC 15313T and SLCC 53T as the same strain for genetic and pathogenesis studies.
The complex phenotypes of these strains and their multiple phenotypic deviations from virulent L . monocytogenes strains raise questions concerning their usefulness as type strains. Nonetheless, strains ATCC 15313T and SLCC 53T are of great interest as variants that can be useful tools for the study of the genetic basis of listerial virulence. kindly providing SLCC 53T.
